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ABSTRACT
Following is a summary of the progress
of research and development activities per-
formed during FY 1973 by the Respirator Re-
search and Development Section, Industrial
Hygiene Group of the Los Alamos Scientific
Laboratory (LASL) under an interagency a-
greement between the National Institute for
Occupational Safety and Health (NIOSH) and
the Atomic Energy Commission. The work was
done at LASL and was a continuation of the
services performed for NIOSH by the AEC un-
der an FY 1972 interagency agreement. As
requested in the FY 197 3 interagency agree-
ment, the efforts were concentrated in three
major areas: 1) The development of quality
control test methods and the correlation of
these test methods with the present respira-
tor approval tests in order to provide im-
proved quality control test methods for use
by respirator manufacturers and NIOSH. 2)
The design, construction, and delivery of
respirator test equipment for the perform-
ance of quality control tests to the NIOSH
Testing and Certification Laboratory at Mor-
gantown, West Virginia, and to the NIOSH
Engineering Laboratory at Cincinnati, Ohio,
and 3) Develop respirator test methods.
I. INTRODUCTION
The respirator studies for the NIOSH
were covered in two memorandums of agree-
ment, LASL Project No. R061 and R072. Pro-
ject R061 (3-1-72 through 2-28-73) request-
ed LASL to develop dust and fume respirator-
man test equipment and methods, 2) conduct
anthropometric studies and selection of test
panel, and 3) participate in meetings re-
quested by NIOSH. Project R072 (FY 1973)
was to design, construct, calibrate and de-
liver to Morganton, W. V. (NIOSH) by Octo-
ber 31, 1972, the following equipment; 1)
one polydisperse DOP aerosol man test system,
2) one polydisperse DOP aerosol filter
test system} and 3) one NaCl aerosol man
test system. Additional services requested
by the NIOSH were 1) to review manufactur-
er's quality control plans, 2) make recom-
mendations for respirators for specific
NIOSH Criteria Documents, and 3) assist in
preparation of amendments to 30 CFR Part 11.
Additional lower priority services
specified in the two NIOSH projects were:
1) conduct research to develop man test
equipment and methods to evaluate all types
of respiratory protective devices, 2) per-
form man tests on test subjects selected
by approved anthropometric 'specifications,
3) construct and deliver to NIOSH by July 1,
1973, the following equipment: a) one NaCl
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aerosol filter test system, b) one polydis-
perse man test system, c) two dynamic valve
test systems, d) one filter breathing re-
sistance test system, and e) one head har-
ness test system.
A 'top priority for review and comments
on QC pler>s was required because respira-
tor manufacturers had submitted over 20
different types of respirators for approval
under Part 11, including approval of QC
plans for each respirator. Since only ere
CC plan had been approved, assistance was
needed.
During the NIOSH - B of M - Webb Asso-
ciates - LASL Conference on September 14,
1972, approval was given to the LASL report
on the anthropometric survey and method of
selecting a representative test panel. It
was requested that the report (with consul-
tation by Webb Associates) be completed by
December 4 for a joint conference with res-
pirator manufacturers.
Recommendations for respirator protec-
tion for NIOSH Criteria Documents were made.
A respirator selection guide was proposed
for use in recommending respirators for
criteria documents.
II. DEVELOPMENT OF TEST AEROSOL
A. Introduction
The development of the aerosols used
in the two systems delivered to NIOSH this
year has entailed a great amount of work
of a basic nature. The work was necessary
to ensure that we had aerosols which wercj
reproducible in the particle size range and
concentration desired for use in filter
efficiency and quantitative man testing.
Historically, the first LASL NaCl aero-
sol system was built in 19687' This bench
model system used the Vokes Ltd. design of
the Collison aerosol generator. Since
that time several further modifications of
the original system have been made and sev-
eral other types of aerosol generators used.
The culmination of these efforts has been
the LASL Model I NaCl aerosol System.
B. Sodium Chloride Aerosol
1. Methods of Aerosol Generation
By the first of this fiscal year, the
decision had been made to use the Wright
design nebulizer in the Model I NaCl sys-
tem.4 However, evaluations were made of
seven other types of NaCl generators to en-
sure that the Wright design was the most
suitable. A complete listing is as follows:
a. Vokes Ltd. version of the Collison
atomizer.
b. British Standard IBS) 4400 nebu-
lizer.
c. DeVilbiss Model 800 Ultrasonic
Generator.
d. RETEC Model X-70/N nebulizer.
e. Dautreband D-30 nebulizer.
f. Lovelace design nebulizer.
g. Macrosonics Inc. Ultrasonic Nebu-
lizer.
All of the above were not considered
satisfactory due to a variety of reasons,
such as unsuitable aerosol characteristics,
too high or low mass output, or general
difficulty in interfacing the generator
mechanically with the rest of the Model I
system. The only one of this group which
still shows promise is the BS 4400 genera-
tor. With some minor modifications, it
would probably be adaptable to the purpose.
2. Methods of Particle Size Deter-
mination. It became apparent during the
year that most of the variations in NaCl
particle size determination data could be
traced to inconsistencies in the electro-
static precipitation method of particle size
analysis and not the aerosol itself. Alter-
nate methods of analysis, the spiral centri-
fuge aerosol spectrometer, and a set of sin-
gle stage impactors were tried instead of
the electrostatic precipitator.
In general, the results obtained by
these methods hpw been more reproducible.
Additionally both the spiral and the im-
pactors give a direct measurement of the
aerodynamic mass distribution of particle
sizes, which is an advantage when consider-
ing the efficiency of the respirator
against particle sizes which present a phys-
iological hazard. Most lung deposition in-
formation is based upon the aerodynamic be-
havior of the particles. With this in mind,
all of the LASL particle sizing data is now
being reported in terms of the mass median
aerodynamic diameter (MMAD) and the geo-
metric standard deviation (ag). The elec-
trostatic precipitator method of sizing de-
termines a projected area diameter which
must be mathematically converted to the
aerodynamic diameter.
The disadvantages of both the spiral
centrifuge and the electrostatic precipita-
tor methods is that they require the use
of expensive, fairly sophisticated equip-
ment and skilled operators. Furthermore,
the analyses are time consuming. To over-
come these disadvantages, a set of four
single stage impactors were designed and
fabricated for use in routine determination
of NaCl aerosol characteristics. These im-
pactors designed by Marvin Tillery, Aerosol
Section, Industrial Hygiene Group, LASL,
are shown in Figures 1 and 2. They have
predicted cutoff diameters of 2.81, 1.30,
0.58, and 0.24 vim when operated at a flov;
rate of 3 lpm. To determine a NaCl aerosol
distribution, the four stages are sequen-
tially inserted between the aerosol source
and the peristaltic sampling pump in the
Model I system as shown in Figure 3. The
percent mass passing each stage is deter-
mined by the Model I flame photometer in a
manner similar to that used for determina-
tion of filter efficiency. An analysis can
be made in about 15 minutes including clean-
ing of the impactors and plotting of the
<2atn.
It was discovered that because of the
high pressure drop across the 0.24-pm stage,
a 3-lprc flow rate could not be obtained with
the peristaltic pump. The flow rate on this
stage wa& subsequently lowered to 2.6 lpm,
which raised the predicted cutoff diameter
to 0.28 urn. This did not decrease the use-
fulness of this method.
Table I summarizes all of tho spiral
centrifuge, electrostatic precipitator, and
1x4 Cascade impactor analyses made on the
several Model I NaCl systems. Most of the
impactor runs were made early in FY 1974
and are included for completeness. Analyses
on three groups of Wright nebulizers and
five NaCl aerosol systems are included in
these data. Figure 4 shows 'the dimensions
of four Wright-designed nebulizers. The
LASL built, Wright-designed nebulizer has
been installed in all the Model I systems.
The Wright numbers 3 and 4 nebulizers were
bought from British supplier. The Chalk
River, Wright-designed nebuli2er was the
one originally loaned to us for evaluation
by Mr. J. White of the Chalk River Nuclear
Laboratory, Chalk River, Canada.
The data in Table I shows a reasonable
correlation between the spiral centrifuge
and the 1x4 Cascade impactor results while
the electrostatic precipitator results are
generally higher. It is suspected that a
bias toward the larger particles was inad-
vertently introduced in the electrostatic
precipitator analysis procedure, or in the
mathematical transformation between the pro-
jected area diameter and the aerodynamic
diameter.
The coefficients of variation in the
MMAD's of the spiral and impactor analyses
are acceptable except for the spiral data
on the LASL fabricated nebulizers. Two
analyses had higher than normal MMAD's.
Although these data were in doubt, there
was nothing discovered which justified elim-
inating these runs from the summary. With-
out these two runs, the spiral data comes
much closer to the impactor data.
The larger coefficients of variation
on the standard geometric deviation, as
determined by the impactor, are due to the
fact that only four points are used to es-
tablish the straight line plot on log prob-
ability paper. This permits a greater lati-
tude in plotting than other methods which
utilize many more data points.
During the coming year, the applica-
tion of these impactors will be expanded.
To reduce the variation in the geometric




Fig. 2. The Tillery-Desigr.ed Single Stage Impactors Disassembled.
anced model
forward £>
Fig. 3. Single Stage Impactor on the LASL Model I NaCl System.
standard deviations, predicted cutoff diam-
eters will be calculated for each stage at
flow rates other than 3 lpm. In this way,
many more points can be obtained to estab-
lish the aerosol distribution plots while
using the same four impactors. Furthermore,
this same concept can be used in conjuntion
with the TSI Particle Mass Monitor. It is
proposed that a new set of impactors be de-
signed to operate at the 1-lpm flow rate of
the TSI. This would provide a means of
quickly determining the aerosol characteris-
tics of the silica dust and lead fume.
III. TEST EQUIPMENT
ft.. Introduction
According to the NIOSH/AEC memorandum
of agreement for FY 1973, LASL was requested
to deliver the following test equipment to
the NIOSH Testing and Certification Labora-
tory, Morgantown, West Virginia.
1. One polydisperse dioctyl phthalate
(DOP) aerosol man test system including ex-
posure chamber and recorder for measuring
the overall performance of particulate fil-
ter respirators.
2. One poiydisperse DOP aerosol filter
test system including filter test chuck and
recorder.
3. One combined polydisperse DOP aero-
sol man/filter test system including expo-
sure chamber, filter check, and recorder.
DETERMINflTION OF NaCI PARTICLE SIZE DISTRIBUTION
WRIGHT DESIGNED NEBULIZERS OPERATED





















































































































mm in. mm in. mm in.
0.787 0.031 1.499 O.O59 0.B64 O.O34
0.864 0.034 1.608 0.063 I. IIS 0 044
0.848 0.033 1.603 0.063 1.115 0.044
0.742 0.029 I.S8S 0.062 1.166 0.046
(1/32) (1/16)
Pig. 4.
4. Two sodium chloride man test sys-
tems for respirator facepiece leakage tests
including exposure chambers and recorders.
5. Two dynamic valve test systems in-
cluding all auxiliary equipment.
By mutual agreement with NIOSH, the
construction and delivery of item 3, the
combined polydisperse DOP man filter test
system was deleted. In item 4 only one
sodium chloride system was delivered to TCL.
The second NaCl system was constructed but
has been kept for use at LASL until needed
by NIOSH. The two dynamic valve test sys-
tems were deleted, again by mutual agree-
ment. The development and construction of
these systems was moved into FY 1974.
Additionally, LASL was requested to
construct and deliver the following test
equipment to the NIOSH Engineering Labora-
tory, Cincinnati , Ohio:
1. One combined polydisperse DOP Aero-
sol man filter test system including expo-
sure chamber, filter chuck and recorder.
2. One dynamic valve test system in-
cluding all auxiliary equipment.
The dynamic valve test system was not
constructed and the work has been moved into
FY 1974, with approval of NIOSH. The poly-
disperse DOP system was delivered as well
as a sodium chloride aerosol system required
under the FY 1972 memorandum of agreement.
The construction, check out, and calibration
of these systems consumed a large share of
the efforts during FY 1973.
B. LASL Model I NaCl Aerosol System
The design and construction of the fir-
st Model I NaCl Aerosol Systems was done
during FY 1972. Three more units were built
during FY 1973. The design of the aerosol
generation system was based on work with
NaCl aerosols done at LASL since about 1968.
The flame photometer design was an adapta-
tion of the Baird Atomic KY-4 Flame Photo-
meter burner to the LASL Model 69B forward
light scattering photometer electronics
system.
A photograph of the LASL Model I NaCl
Aerosol System is shown in Figure 5 and a
flow diagram is shown in Figure 6. The
system consists of two major sections, the
aerosol generation and dilution section, and
the flame photometer section. The two sec-
tions are contained in a standard 48 cm (19
in.) electronics cabinet measuring 6 6 cm
(26 in.) wide by 65 cm (25.5 in.) deep by
133 cm (52.5 in.) high. The cabinet is
mounted on wheels. The chimney enclosing
the opening over the flame photometer burner
extends approximately 46 cm (18 in.) above
the top of the cabinet. The system weighs
approximately 113 kg (250 1b ).




















LASL Model I NoCI Aerosol System
Fig. 6.
The NaCI aerosol is produced by the two
Wright design nebulizers shown in Figure 7,
mounted on the side of the 22.9 x 30.5 x
55.9 cm (9 x 12 x 22 in.) polyethylene mix-
ing and drying chamber. The nebulizers in-
ject the atomized NaCI solution perpendicu-
larly to the drying air stream. The nebuli-
zers are normally operated singly at 165 kPa
(24 psi) input pressure, although both
can be used to obtain a higher concentration
at approximately the same total aerosol flow
rate or a higher flow rate at the same con-
centration _.
The air for drying the aerosol, is sup-
plied through a two stage centrifugal blow-
er ahead of which is mounted a 20.3 x 20.3
cm (8 x 8 in.) high efficiency (HEPA) fil-
ter. The air flow rate is determined by an
orifice meter and magnehelic gauge and is
controlled by a variable transformer con-
nected to the blower. A dump valve immedi-
ately upstream from the blower outlet can
be opened to bypass a portion of the blower
output to the atmosphere when very low dry-
ing air flow rates are desired. This allows
the blower to be operated at a higher, more
stable voltage.
The compressed air supply for the oper-
ation of the nebulizers and combustion air
for the flame photometer burner is provided,
either from an internally mounted air com-
pressor or from an external source.
A small in-line filter removes particu-
late contaminants from the air stream and a
surge tank dampens pulsations in the flow.
A pressure regulator downstream from the air
receiver provides a first stcge reduction
to the 276-345 k Pa (40-50 psi) needed to
operate the system. A second regulator re-
duces the pressure to the generator opera-
ting pressure. The combustion air supply,
normally 4.01 x 10~4m /s 50 CFH, is control-
led and measured by a combination flowmeter-
needle valve.
The propane for the flame photometer is
supplied from an external tank for safety
reasons. The pressure, 62-69k Pa (9-10 psi),
is controlled through a regulator on the
front panel with the regulator on the tank
set somewhat higher. Although the propane
supply can be shut off, either with the
pressure reducing valve or the needle valve
on the flowmeter used to control the propane
flow, normal procedures are to shut off the
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Fig. 7. LASL Built Wright Nebulizers.
propane at the tank to avoid leaving the
supply lines inside the cabinet pressurized
when the system is inoperative. The propane
flow rate is nominally 1.2 x 10~ m /s (1.5
CFH). Pure grade propane (99% mol minimum)
is used although less pure grades can be
used with resulting increase in the stray
light compensation necessary due to impuri-
ties in the propane which affect the flame.
The burner assembly and phototube was
purchased from Baird Atomic, Inc., and in-
cludes a 1P21 photomuljbiplier tube (PMT)
which views the flame through a neutral
density Na interference filter which has a
peak response of 589.5 nM and a bandwidth
of approximately 10 nM at 50% transmission.
A Fisher Manostat variable speed peri-
staltic pump is used for sampling the NaCl
aerosol. This pump has the capabilities of
delivering in excess of 3 lpm to the burner
against a significant resistance. Testing
of respirator filters is normally done at
a 5,0 x 10 m / s ( 3 lpm) sampling rate and
quantitative man testing is at 1.67 x 10
m /s (1 lpm) .
No major modifications of the system
are planned at the present time. Our ex-
perience during the testing of dust and fume
respirator filters and quantitative man tes-
ting of dust respirators has proven the sys-
tem to be reliable and easy to operate.
Comparative test results of initial filter
penetration using different units in the
hands of different operators have been sat-
isfactorily reproduced.
During the coining year the practical
operational limits of this system will be
determined by 1) varying generator operating
pressures, 2) NaCl solution concentrations,
3) dilution airflow rates, and 4) the rela-
tive humidities of the dilution air to de-
termine the growth of particle size due to
increased humidity. The operating condi-
tions will be generally restricted to a gen-
erator operating pressure of 165 kPa (24
psi) and a 1% NaCl solution.
Some question has arisen concerning the
accuracy of NaCl penetrations less than 0.1%
on quantitative man tests. A slight depres-
sion in photometer response has been obser-
ved, evidently due to some constituent in
the exhaled breath. The depression is esti-
mated to be less than 0.05% penetration and
therefore practically can be ignored for ob-
served penetrations greater than 1% as this
would introduce an error of <5% in the data.
However, quantitative man test results on
high efficiency respirators should not be
relied upon until the source of this inter-
ference can be ascertained. Fortunately,
most respirators are not of this type. Ef-
forts will be made this coining year to solve
this problem.
At the moment, this system,used in con-
junction with a quantitative man test hood,
is suitable for evaluation of the overall
efficiency of respirators equipped with dust
and fume filters. When used with a filter
test module, it provides a fast, reproduci-
ble, and r.on-destructive method of evalua-
ting the initial filter efficiency and load-
ing characteristics of dust and fume respir-
ator filters.
A paper describing the use of this sys-
tem and the filter test module in evalua-
tion of dust and fume filter efficiency was
given at the 1973 AIHA Conference in Bos-
g
ton. A formal report is being prepared
describing the LASL Model I NaCl Aerosol
System in detail for publication both as a
LASL and a NIOSH document and also in the
AIHA Journal. An operating manual for this
system has been written and distributed.
C. LASL Model A Polydisperse POP Aerosol
System
The LASL Model A Polydisperse DOP Aero-
sol System has been described in some detail
in a previous report as the first of
these units was built during FY 1972. Dur-
ing this year additional systems were con-
structed and delivered to NIOSH, and one
modification was made to the original de-
sign. The first unit contained the rectang-
ular slot impactor described by Echols and
Young. This impactor was replaced with a
round jet impactor, designed by Ron Stafford
of the H-5 Aerosol Section, which theoreti-
cally has sharper cutoff characteristics
than the rectangular jet.
The use of the system in conjunction
with the filter test module for determina-
tion of initial filter efficiency is re-
stricted to non-degradable (i.e. mechanical-
type) filters. The DOP aerosol rapidly de-
grades the resin-impregnated3wool felt fil-
ters. In conjunction with the test hood,
the system can be used for quantitative man
testing of high efficiency filter respira-
tors or self-contained breathing apparatus.
Even though DOP has a threshold limit value0
(TLV) of 5 mg/m3, the exposure to the test
subject for the approximately 10 minutes it
takes for a test at the low leakages nor-
mally encountered with these devices (<1%)
is minimal. (See Section VI, B5)
Two commercial polydisperse DOP aero-
sol units, with designs similar to the LASL
Model A system, were evaluated. The Fron-
tier Enterprises system was purchased,
while the Air Techniques Incorporated sys-
tem was returned to the manufacturer. The
Frontier system was purchased, based on low
bid and somewhat higher quality of construc-
tion.
D. Auxiliary Test Equipment
1. Filter Test Module. In order to
provide the maximum amount of flexibility
of operation, a separate filter test
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module was designed to interface with
either the Model I NaCl or the Model A Poly-
disperse DOP Aerosol System. The module
permits either filter efficiency evaluation
or determination of resistance to flow
(pressure drop) measurements to be made on
most types of particulate respirator fil-
ters. Two modules were constructed this
year and delivered to NIOSH.
A photograph of the module is shown in
Figure 8. The system is dependent on 110
VAC power and a source of compressed air to
operate the filter test chuck. It is also
dependent upon one of the aerosol systems
for the test aerosol. Two separate air-
flow paths are provided as is shown in
Figure 9. On the left side of the unit is
a mechanism for determining the pressure
drop across the test filter. The pressure
drop is measured by inserting the test fil-
ter, mounted in a modified filter recepta-
cle from the facepiece, into a holder in
the top of the module. Air is pulled
through the filter at the rates specified
in 30 CFR Part 11. The pressure drop is
measured on a photohelic gauge or an in-
cline gauge. The photohelic gauge has ad-
justable set points so that a go, no-go
deteruination can be made when large groups
of filters are quality-control tested. The
incline gauge provides a more accurate
measurement for research and development
purposes.
Filter efficiency measurements are made
using the air operated chuck on the right
side of the unit. The aerosol is intro-
duced into the top portion of the chuck.
The required flow goes down through the
test filter which is mounted in the same
manner as that used for pressure drop test-
ing. The excess aerosol is bypassed to the
atmosphere. The pressure in the test chuck
is kept as nearly ambient as possible to
minimize inward and outward leakage.
The photometer sample is taken nearly
isokinetical1y downstream from the filter.
When the test chuck is open a back flow of
clean air automatically introduced between
Fig. 8. LASL Filter Test Module.
the sampling point and the test chuck, pre-
vents a high concentration of aerosol from
swamping the photometer.
All of the initial filter penetration
tests and loading tests described in this
report were made with the filter test mod'-
ule.
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2. Quantitative Man Test Hoods.
Three different sizes of hoods, all based
on the design by Prof. William Burgess,
Harvard School of Public Health, were con-
structed this year. The first is a dupli-
cation of the Harvard design, consisting of
a double walled cylindrical plastic enclos-
ure, 76 cm (30 in.) in diameter. It has a
rigid metal top plate with a built-in aero-
sol distribution system consisting of a
perforated metal plate suspended approxi-
mately 5 cm (2 in.) below the top plate.
The aerosol is introduced into the center
of the top plate and exhausts between the
two walls of the chamber through two open-
ings on the outside edge of the top plate.
This design is shown in Figure 10. The ex-
haust aerosol stream can be returned to the
dilution air inlet in the aerosol system
where it is cleaned before passing into the
dilution air chamber. By keeping the ex-
haust air flow rate slightly greater than
the inlet, aerosol leakage to the surround-
ings can be minimized. The excess airflow
is dumped inside the aerosol system cabinet
before it reaches the dilution air chamber.
The 76-cm (30-in.) chamber proved to be
too small for testing the bulky self-con-
tained breathing apparatus. Therefore, a
91-cm (36-in.) chamber was built along the
same basic design. This hood, shown in
Figure 11 is equipped with a supporting
framework and power hoist, and was deliver-
ed to the NIOSH Testing and Certification
Laboratory,, Although satisfactory, the
large volume of this chamber has presented
some problems in maintaining a steady and
uniform aerosol concentration, particularly
at the normal 1.89 x 10"3m3/s (4 CFM) flow
rate of the Model I NaCl system.
A third size hood, 84-cm (33-in.) was
built which provides the room necessary for
testing self-contained breathing apparatus.
At the same time, it has the aerosol con-





LASL Filter Test Module
Fig. 9.
E.
LASL Filter Test Module
Schematic.
Respirator Exhalation Valve Test System
Preliminary design work was done this
year on a system to evaluate the performance
of respirator exhalation valves. This work
consisted principally of a review of the
availability and suitability of instrumenta-
tion and establishment of test criteria.
The construction of a bench model system
will start in FY 1974.
In the preliminary design are the capa-
bilities of determining exhalation valve
leakage (volume/time) under both static suc-
tion and dynamic conditions using a breath-
ing simulator pump. Provisions have also
been made for determining leakage of the
exhalation valve when challenged with var-
ious aerosols and gases, both under static
and dynamic conditions.
F. Respirator Head Harness Test System
The development of a head harness test
system has been of low priority, compared
to the other work requested this year.
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Fig. 10. Poly DOP Man Test System with the 76-cm Diameter Burgess-Designed Hood.
Therefore only a minimum amount of work has
been done, consisting primarily of explor-
ing methods of instrumentation. Further
development of this system has been moved
into FY 1974.
IV. DUST AND FUME FILTER EFFICIENCY MEAS-
UREMENT
A. Introduction
During the first two years of this pvo-
gram, high priority has been given to the
development of a sodium chloride aerosol
respirator filter test system and methods
to measure the efficiency of dust and fume
filters. The LASL Model I system
13
Fig. 11. 91—cm—Diameter Burgess-Designed
Hood.
(see Section III) provides an accurate,
rapid, reproducible and nondestructive
method to measure the initial penetration
and pressure drop of dust and fume filters
made from the wide variety of filter media.
By the start of FY 1973, the first LASL
Model I system had been completed and ini-
tial filter efficiency and loading tests
were run on several hundred dust and fume
filters. Tho work done this year was to
improve the filter test methods fay perform-
ing filter efficiency, pressure drop, and
loading tests on approved dust and fume
filters.
B. Background Information
1. Introduction. During FY 1972,
high priority was given to developing sod-
ium chloride and DOP filter test systems
and methods for quality control and to de-
termine the correlation of these test meth-
ods with respirator approval tests. Tho
silica dust test for approval of dust res-
pirators and the lead fume test for approv-
al of futne respirators specified in 30 CFR
Part ir'V/ero discussed in the first quarter-
ly progress report for FY 1972. To de-
termine the correlation of the LASL filter
test system with the silica dust and lead
futne approval test, it was emphasized that
initial filter penetration measurements
would have to be made. Also, the particle
size of the silica dust and lead fume need-
ed to be determined.
The first comparative sizing study
of the S of M silica dust aerosol was re-
ported in the second quarterly progress
report14 for FY 1972. Initial filtering
penetration tests using the B of M silica
dust on four types of dust respirators
were discussed in the third quarterly prog-
ress report for FY 1972. These tests
were made with a Thermal Systems Incorpor-
ated (TSI) particle mass monitor. These
preliminary test data indicate initial fil-
ter measurements with silica dust by this
method are feasible. The initial calibra-
tion of the TSI particle mass monitor
against the LASL sodium chloride aerosol
has been reported.10
2. Correlation of Filter Penetration;
Silica dust vs. MaCl Aerosol. The results
of a study to correlate the silica dust
approval test with the initial sodium chlo-
ride aerosol penetration made on clean fil-
ters was reported in FY 1972. h
14
cooperative study with W. Revoir of the AO
Respirator ft 6 D Lab with the AO-R 30 resin
wool felt dust filter showed poor correla-
tion. However, the increased penetration
due to increased velocity by both silica
dust and sodium chloride aerosols was veri-
fied. It was concluded that it is impossi-
ble to correlate the initial filter pene-
tration measurement with the sodium chloride
aerosol and the silica dust penetration
measured after a 90-min test and a loading
of approximately ISO mg of silica dust.
A more practical correlation study re-
ported by Revoir in 1971 compares the
U.S. B of M silica dust approval tests with
the United Kingdom (UK) sodium chloride
aerosol (MMD =• 0.S urn) approval test. Five
typical dust respiraters approved in the UK
and the US (3 US & 2 UK respirators) were
tested by the approval test methods in the
US and the UK. The dust filter penetration
test made by the B of M silica dust aerosol
on the five dust respirators showed that
all met the approval requirements with no
significant difference in silica dust pene-
tration. However, the two UK respirators
showed slightly less penetration.
The dust filter penetration tests made
by the UK sodium chloride aerosol on the
five respirators showed significant differ-
ences. For approval in the UK, the maximum
penetration allowed for resin wool felt fil-
ters is 3.5% and 2% for resin wool batt fil-
ters. A Type B mechanical (non-degradable)
filter is allowed a maximum of 5% penetra-
tion. Two of the US dust respirators with
resin felt filters showed a penetration
range of 2.2 to 7.2% and 0.4 to 6.2%, while
a third US dust respirator with a mechanical
filter showed a penetration range of 6.0 to
10.0%. The number of filters tested was
not given (UK Standard specifies 8 filters).
However, some of the US resin felt filters
exceeded the 3.5% maximum allowed, and all
of the US mechanical filters failed the
5.0% maximum allowed. However, the two UK
dust respirators showed penetration ranges
of 0.2 to 0.5% and 0.6B to 1.26%, indicating
all filters passed the 2.0% maximum allowed.
In comparing the results of the joint
UK-US study on five typical dust respirators,
Revoir concludes that the approved dust res-
pirators manufactured in the UK tend to be
somewhat more efficient in removing airborne
particulates than those manufactured in the
US. This is significant when considering
amendments to 30 CFR Part 11 and the pro-
posed sodium chloride aerosol approval tests
for dust and fume respirators. In compar-
ing the initial resistance to inhalation,
Revoir concludes that there is no signifi-
cant difference by respirators manufactured
in both countries. However, Revoir con-
cludes that a comparison of the values for
the initial and final resistance to inhala-
tion offered by the five respirators tested
against silica dust indicate that the fil-
ters from dust respirators made in the UK
tend to plug less rapidly with retained
particles than the filters from dust respi-
rators manufactured in the- US. This is
significant when considering whether the
silica dust and lead fume approval tests
should be retained in the proposed amend-
ments to 30 CFR Part 11 for duat and fume
respirators. If the proposed sodium chlo-
ride aerosol approval test is adopted, the
only purpose of including the silica dust
and lead fume tests is to measure final
resistance after loading.
The UK dust respirator approval test
specifies a test for resistance to clogging
by dust and humidity. However, this approv-
al test is only made i£ the dust respirator
is required to comply with the requirements
for resistance to clogoing by dust and hu-
midity. This requirement is primarily for
dust respirators used in coal mines. Based
on the above discussion, it is logical to
conclude that the silica dust loading test
should only be required for respirators to
be used in coal mines. The lead fume load-
ing test should be eliminated.
3. Factors Affecting Filtering Effi-
ciency. The factors affecting filtering
efficiency include 1) particle size, 2) flow
rate (velocity), 3) loading, and 4) degra-
dation or loss of electrostatic charge by
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resin felt filter media. Initial test data
demonstrating the affect of all four factors
on dust and fume filtering efficiency with
DOF and sodium chloride aerosols were re-
ported in PY 1972.10' 1 3
ffhese initial filtering efficiency tests
were made with two sizes of sodium chloride
aerosols (MMD = 0.4 and 0.8 vim) in an at-
tempt to simulate the relatively small lead
fume and the large silica dust. All dust
filter efficiency tests reported in FY 1972
were made with the 0.8 pm sodium chloride
aerosol and fume filter efficiency tests
with the 0.4 pm sodium chloride aerosol.
Comparative fume filter efficiency tests
were also made with a monodisperse 0.3 pm
DOP aerosol and a polydisperse 0.8 pm DOP
aerosol. The test data on approximately
100 MSA and Welsh fume filters reported10
were plotted to graphically illustrate
quality control tests with two sizes each
of the sodium chloride and DOP aerosols.
The degradation of resin wool felt fil-
ters by the tw •> sizes of liquid DOP aerosol
and two sizes of solid sodium chloride aero-
sol also were reported. ' These results
indicated that the degradation of resin
wool felt is more rapid by liquid DOP aero-
sols than by solid sodium chloride aerosols.
Also, degradation by liquid DOP aerosols is
irreversible, while a solid sodium chloride
aerosol degrades resin wool only to a point
where the solid aerosol loading reverses
the degradation and the penetration de-
creases to less than 1.0% for all types of
resin wool felt dust filters. Results re-
ported by Kaufman in 1968 demonstrated
that water vapor (RH = 95%) in mine atmos-
pheres sampled continuously through resin
wool batt degrades the same as the liquid
DOP aerosol. With a high concentration of
diesel fume, the degradation was reversed
after a few hours and the penetration de-
creased.
4. Steady vs. Cyclic Flow Filter Effi-
ciency Measurements. The accuracy of
steady flow dust and fume filter approval
tests specified by OS and UK approval
schedules has been questioned because it is
not cyclic or pulsating flow, which repre-
sents use conditions. In a recent study of
European dust respirator approval testing,
17Luxon reports that four countries are
using a pulsating flow test for approval of
dust respirator filters.
In 1971 the LASL Aerosol Section ini-
tiated a study of respirator filter effi-
ciency under cyclic and steady flow condi-
tions. In the initial report on this con-
18tinuing study, Stafford concluded that
filter efficiency measurements with steady
flow rates overestimates the efficiency of
the respirator filter as it would normally
be used. Stafford stated that steady flow
rates overestimates the filter efficiency
at particle sizes below 0.3 pm and above
1.2 pm. He noted that particles larger than
1.2 pm are of considerable significance be-
cause of their mass, which is still respir-
able. Stafford used a liquid 0.3 pm DOP
aerosol and several sizes of solid poly-
styrene latex aerosols to study the MSA and
Welsh fume filters.
During FY 1973, the study of dust and
fume filter efficiency under cyclic and
steady flow conditions was continued by
Tillery of the LASL Aerosol Section. Til-
lery will report the results of this study
by the end of FY 1974. Until that time,
no recommendations will be made regarding
the currently proposed steady flow rates
of 16 lpm and 32 lpm for dual and single
filter cartridges, respectively.
C. Initial Fume Filter Penetration: Pb
Fume vs. NaCl
During the first half of this year, two
trips were made to the B of M in Pittsburgh
to use the lead fume chamber to evaluate the
initial efficiency characteristics of fume
filters. The initial sodium chloride aero-
sol penetration of the test filters were de-
termined at LASL; and then pairs of these
same filters, mounted on facepieces, were
connected to the lead fume chamber. The
upstream and downstream aerosol concentra-
tions were made with the TSI particle mass
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monitor. A comparison of these test results
1B shown in Table II. The initial sodium
chloride aerosol penetrations shown are an
average of the two filters. Each pair was
as closely matched as possible as to the
initial sodium chloride penetration. Gener-
ally, there is a correlation between the two
sets, although more testing will have to be
done to substantiate the findings.
TABLE II





































Penetrations determined with TSI Parti-
cle Mass Monitor.
( 'Penetrations determined with LASL Model I
NaCl System, using 0.6 ± 0.1 vim MMAD NaCl
aerosol with a o <2.25.
(3)Apparent NaCl penetration, assuming lin-
ear response for flame photometer as a func-
tion of NaCl aerosol concentration. Recent
data indicate that this assumption is not
completely correct.
It must be pointed out that the NaCl
filter penetrations in Table II and the sec-
tions following in this report may be in
error. Recent work (1974) has shown that
the response of the flame photometer to
change3 in aerosol concentration within the
burner ohimney is not linear due to self-
abaorption in the flame at higher aerosol
concentrations. The effect of this is that
the photometer Mill indicate'higher appar-
ent penetiations than by other measurement
methods, suah as gravimetric or chemical
analysis.
We are correcting this problem by low-
ering the aerosol concentrations in the
chimney. Attempts will be made to develop
a correction curve for the data presented
in this report.
As an outgrowth of the preliminary
tests for initial filter penetrations of
lead fume, it was possible to obtain some
preliminary data on the loading character-
istics of the filters. The results of two
tests on the AO R-56 fume filter is shown
in Figure 12. These preliminary data indi-
cate that the lead fume decreases the pene-
tration very rapidly, similar to other metal
fumes.
D. Results of Dust and Fume Filter Effi-
ciency Tests
We believe it is desirable to use a
single size standard sodium chloride aero-
sol to compare the filter efficiency of
dust and fume filters. Therefore, all of
the initial filter efficiency test results
on approved dust and fume filters during
FY 1973 were made with a 0.6 urn MMAD sodium
chloride aerosol at a concentration of
approximately 15 mg/m . The flow rates
through the filters were either 16 1pm for
filters normally used in pairs, or 32 lpm
for filters used singly. The initial re-
sistance to breathing was also measured on
all dust and fume filters, at a flow rate
of 42.5 or 85 lpm, for filters used in pairs
or singly, respectively.
The large accumulation of filter effi-
ciency test data has made it desirable to
store this information in the LASL comput-
ers. Two retrieval programs permit the
17
display of the stored information in several
ways, both tabular and graphical.
Most of the filter testing has been on
relatively large lots of filters, as describ-
ed previously. An individual test filter
can be identified by a LASL test lot number
plus Mie number of that filter within the
lot. The LASL lots are further identified
by the type of filter (dust, fume, etc.),
manufacturer,and testing date.
The filter test data have been divided
into two main groups: 1) by percent pene-
tration, and 2) by percent penetration and
pressure drop. The first retrieval program
treating filter penetration only, can pre-
sent the data in the following manner with:
1. The data arranged by filter num-
ber, from the lowest to the highest within
the particular lot.
2. The data sorted by percent penetra-
tion, from the lowest to the highest.
3. Statistical information on the par-
ticular lot, including the mean and median
penetrations, and the standard deviation.
4. 35mm film graphical plots of the
distribution of penetrations displayed on
rectilinear, semi-log, normal probability,
or log probability plots as desired.
The second retrieval program, utilizing
both penetration and pressure drop data can
present the information as follows:
1. A tabular listing consisting of
filter number, pressure drop, pressure drop
corrected to sea level, penetration, the
ratio of pressure drop to penetration, and
the ratio of the corrected pressure drop to
penetration.
2. The above data sorted by either
filter number, pressure drop, penetration,
or by the ratio of corrected pressure drop
to penetration.
3. A statistical analysis of the dis-
tribution of pressure drops, penetrations,
and ratios of corrected pressure drops and
penetrations, including the averages, medi-
ans, and standard deviations for each vari-
able.
4. 35mm graphical plots of the distri-
butions of the data in a manner identical
to the first retrieval program.
1. Dust Filter Efficiency Results.
The results of initial filter efficiency
tests on 24 lots of dust filters, totaling
approximately 1900 filters, is shown in
Table III. The type of media used by- each
manufacturer is identified by RW for resin-
impregnated wool felt media and by R-SW for
the resin-impregnated combination synthetic
fiber-wool felt media. The letter "M" is
used to identify mechanical filters that
are not degradable. To insure that the
test filters were freshly manufactured and
had not inadvertently been damaged during
storage and shipment, most of the test lots
were purchased directly from the manufactur-
er, not the distributor. Most of the dust
filters are routinely packaged in large lots
(50 or 100) without any environmental pro-
tection, such as plastic bags.
The range of the sodium chloride aero-
sol penetration and the average is presented
in Table III for each lot of filters tested.
The mean penetration and the standard geo-
metric deviation is also listed for several
lots of filters tested. The standard devi-
ation is a useful tool in determining manu-
facturer's quality control. During the next
year, an analysis of LASL's initial sodium
chloride filter test data will be made to
test the applicability of this concept to
both dust and fume filters presently on the
market.
2. Fume Filter Efficiency Results.
Table IV is a tabulation of the initial fil-
ter efficiency test results on 12 lots of
743 filters representing four brands of
approved fume filters. These are mechanical-
type filters, with the exception of the
Willson R-ll, which is a combination mechan-
ical-resin felt media.
E. Proposed Certification Criteria
Based on our studies and evaluation of
dust and fume filters during the past two
years, LASL has proposed filter performance
criteria for certification of dust and fume
18
TABLE III
































































































































































































(R-SW) Resin-impregnated combination synthetic fiber-wool felt
(M) Mechanical filter .
* (I)Apparent NaCl penetration, assuming linear response for flame photometer as a Junc-
tion of NaCl aerosol concentration. *-—+ -»-**• -•«J--—+- + w + *«'<> -.««ir,t{n« -f.B not com-
pletely correct.
Reoent data indicate that this assumption is not corn-
filters. At a meeting called by NIOSH in
April X973, to consider proposed criteria
for certification and amendments to 30 CFR
Part 11, LASL proposed the following dust
and fume filter certification criteria:
1. A single size standard sodium
chloride aerosol be used for testing and
certifying both dust and fume filters.
2. Dust filter performance: For me-
chanical-type (non-degradable) dust filters,
a maximum of 5.0% penetration would be per-
mitted; for degradable resin-impregnated
filter media,a maximum penetration of 2.0%
would be permitted. The maximum of 2% for
resin felt takes account of the loss of
electrostatic charge during storage.
3. Fume filters: Maximum penetration
of 2.0% for mechanical-type filters and 1.0%
for degradable-type fume filters is the
maximum permitted.
4. It was recommended that the lead
fume test for fume respirators be eliminat-
ed.
In proposing criteria for a new US dust
and fume respirator certification criteria
using a sodium chloride aerosol, it was
agreed that we should consider any other
foreign standards using a sodium chloride
aerosol for testing and approval of respira-
tors. The British standards19'20 for air-
purifying particulate respirators and pow-
ered air-purifying respirators have been
19
RESULTS OF INITIAL FUME FILTER EFFICIENCY TESTS
Type
F i l t e r No.
AO R-Sff1' 60
AO P.-5P ' 40
AO R-Sfr1' 50
MSA Type S 1 94
KSA Typo S 1 27
MSA Typo S* 50
MSA Type S J 60
Welsh 7500-71 100
Welsh 7500-7^ 48
Willson R- l l " 48
Willsoi! R11J 60





























































































































(1) Special Selection from lot by Mfr.
(2) Purchased
(3) From 1 lot for Correlation with Mfr. Pb fume tests
(4) Apparent NaCl penetration, assuming linear response for flame photometer as a func-
tion of NaCl aerosol concentration. Recent data indicate that this assumption is not
completely correct.
summarized in Table V. Based on our experi-
ence during the past several years in evalu-
ating US and British respirators, we believe
that the Type B dust respirators are the e-
quivalent to dust and fume respirators ap-
proved in the US. They allow a maximum
penetration of 5% for a mechanical filter
and 3.5% for a resin felt. Based on our
studies of degradation, we believe that a
maximum of 2.0% should be adopted for resin
felt filters. Our studies on the degrada-
tion of resin felt filters compared with
resin wool batt filters, manufactured in the
UK, indicate that the US resin felt filters
degrade more rapidly than the English wool
batt media. British standards do not rec-
ognize a fu.T.e respirator~they use only the
Type A and Type B dust respirator designa-
tion. It is interesting to note that for
powered air-purifying respirators the Brit-
ish allow a maximum of 2.0% for any type of
resin wool filter.
F. Degradation Study of Resin Felt Filters
In the US, the majority of dust respi-
rator manufacturers have used a resin-
impregnated wool felt since the early
1940's. In the UK and Australia, commer-
cial dust respirator filters are
commonly made from a resin-impregnated wool
batt that is loosely packed and ranges in
thickness from 1/2 to 2 inches. Such media
also is widely used in Sweden, Norway, Den-
mark, and Italy. The British have long rec-
ognized that resin-impregnated wool batt
inedia will lose its electrostatic charge
21
due to a number of conditions. Dorman
has reported that the resin wool batt life
is shorter due to the passage of air and,
to some extent, dust loading causes loss
of efficiency. Also, it suffers from the
further drawback of being unable to with-
stand high concentration of oil mists.
Dorman stresses that conditions under which
it is used should be rigidly controlled and
a limit set to the number of breathing hours
before the pad is replaced.
22
In 1942, Walton reported the results
of his comprehensive study of the principles
of the resin-treated filter. He indicated
that the electrical attraction arises from
a film of charged resin particles covering
the fibers and adhering to the fibers
chiefly by electrical forces. According
to Walton, the charges are produced by
friction during manufacture of the filter.














II. Gas Canister, FF
III. Gas, Cartridge, 1/2
BS 4558:1970(3*
Powered Air Purifying,
1/2 or FF mask
a. High Efficiency
1. Non-wool























PP (power on), 0.1
NP (power off), 5.0
(1) NaCl aerosol, MMD=0.65jjm, used for both filter and facepiece leakage test.
Filters tested at 30 lpm.
(2) Facepiece leakage test on 10 man test panel, no anthropometric specifications.
All subjects must pass. The facepiece is equipped with a high efficiency filter,
penetration less than 0.1%.
(3) Filters on powered air purifying respirators tested at 120 lpm.
to have a negative charge and an equal in-
duced positive charge is found on the adja-
cent regions of the fibers so that the indi-
vidual fibers and the filter, as a whole,
are neutral. Walton claims that the break-
down or degradation of these filters is due
to leakage or neutralization of the fric-
tional charges on the resin particles and
that the charges are not renewed by the
passage of air or partioulate matter through
the filters. Walton's theories indicate
the reason that liquid mists cause the
resin-impregnated filters to break down. A
liquid which wets the resin or in which the
resin is soluble would spread over the sur-
face and discharge the particles. Water
will not spread on certain resins and, thus,
may be tolerated for a longer period of
time.
At the start of this year we initiated
an extensive study of the degradation of
resin wool felt filter media manufactured
21
in the US. Our studies indicate that high
humidity, liquid aerosols or mists and sodi-
um chloride aerosols do progressively neu-
tralize the charge. Apparently, at the
point of minimum efficiency, the filter med-
ia acts like an ordinary fabric filter.
Resin-impregnated wool felt and the combi-
nation synthetic wool felt dust filters,
approved by B of M, were tested. Results
indicate a wide variation in the degradation
of filter efficiency loss. The results of
our study were reported^in a paper entitled,
"Degradation of Resin Wool Respirator Fil-
ters," at the AIHC in May 1973. This paper
will be published in the AIHA Journal^ and
final results of the study, continuing dur-
ing the next fiscal year, will be published
as a LASL document and a NIOSH document.
Some of the information obtained during the
past year is summarized in the following
discussion.
The degradation of resin—impregnated
wool felt and the combination synthetic-
wool felt filter media was studied by stor-
ing at relative humidities (RH) at 50%,
75%,and approximately 100%/.at 72°F. Groups
of five filters of each type studied were
stored for seven days at the three humidi-
ties indicated in a Tenney TH Jr. environ-
mental chamber. Compared to the start of
the study, the initial filter penetration
was determined and measured at the end of
each day during the seven-day storage. The
results of this study are shown in Table VI.
It is apparent that considerable increase
in penetration occurred, particularly at
100% RH. Although the data at 75% relative
humidity showed a significant increase over
the 50% data, the difference was not nearly
as pronounced as between 75% and 100%. We
believe that the 75% RH is representative
of storage conditions in many parts of the
OS. We have graphically illustrated the
effects of water vapor (75% RH) on the six
types of resin felt filters in Figure 13.
These data suggest that the increase in
penetration is due to the exposure to the
humidity and is not linear. These data
also suggest that the proposed 2.0% maximum
allowable penetration for resin felt filters
is realistic.
To study the effect of solvents on the
degradation of resin felt filters, we initi-
ated an accelerated test by exposing four
types of filters to a concentration of
100,000 ppm of trichloroethane (methyl chlo-
roform) under static conditions for 48 h
Sodium chloride filter efficiency tests were
run before and after the tests^and the re-
sults are shown in Table VII. This prelimi-
nary test indicates that methyl chloroform
in this concentration will degrade resin
felt filter media. We consider these re-
sults very preliminary but believe they do
indicate further studies should be made with
various types of solvents.
V. CRITERIA FOR SELECTION OF A TEST PANEL
One of the most serious objections to
the quantitative man test specifications in
the Bureau of Mines Schedule 21B was that
the respirators were to be tested on "six
subjects with widely varying facial shapes
and sizes". This requirement was felt to be
too vague to be used for evaluating respira-
tors for approval. NIOSH requested that a
high priority be placed on development of
a test panel which would adequately repre-
sent the facial sizes of the male working
population. NIOSH contracted with Webb
Associates, Yellow Springs, Ohio, to develop
the configuration of the test panel with
the cooperation of LASL. A conference was
held with Webb Associates at which 16 basic
facial measurements were proposed.
The first task was to determine if the
available military anthropometrical data
was representative of the male working popu-
lation. Facial measurements of approximate-
ly 200 Los Alamos men were taken and com-
pared with the military data. It was veri-
fied that the military surveys could be used
to represent the general working popula-
tion. From the military data, a 16 sub-
ject test panel was developecTbased on face









*(I)Apparent NaCl penetration, assuming linear response for flame photometer as a function
of NaCl aerosol concentration. Recent data indicate that this assumption is not completely
correct.





RESULTS OF WATER VAPOR DEGRADATION O" SIX TYPES
OF RESIN-IMPREGNATED WOOL FELT FILTERS BY STORAGE
































































































































































(I)Apparent NaCl penetration, assuming linear response for flame photometer as a function
of NaCl aerosol concentration. Recent data indicate that this assumption is not completely
TABLE VII
Effect of Exposure to Methyl Chloroform















































(1) Single use respirator with resin wool felt filter.
(2) Apparent NaCl penetration, assuming linear response for flame photometer as a function
of NaCl aerosol concentration. Recent data indicate that this assumption is not completely
correct.
(menton nasal root depression). This panel
represented the faces of about 97-98% of the
population in terms of length and width bas-
ed on the mean ±2.5 standard deviations of
the two measurements. The limits of this
panel were later reduced to ±2.0 standard
deviations because of the anticipated diffi-
culty in finding test subjects at the ex-
tremes of the panel. It was believed that
24
this modification should not affect the use-
fulness of the test panel, even though it
reduced the coverage to 95% of the popula-
tion.
This modified panel, with the dimensions
based on ±2.0 standard deviations, is shown
in Figure 14 with the number of test sub-
jects indicated in each box. The number of























Fig. 14. Modified 16-Man Test Subject Panel
same proportion to the total number on the
panel as the percentage of the working popu-
lation in that box is to the entire working
population. In March, 1973, a meeting was
held at Los Alamos with Webb Asso.iates to
further discuss this project. At that meet-
ing several modifications were proposed for
changes to the original panel. It was orig-
inally decided that the one panel be used
for testing all types of facepieces. At
this meeting, it was decided to create an
additional panel with dimensions based on
lip length and face length for testing half
and quarter mask respirators. It was felt
that face width has little relationship to
the fit of these facepieces whereas lip
length, particularly when the wearer smiles
or talks, can have a great effect on the
seal of the respirator.
Additionally, the number of subjects in
the panel was increased to 25. It would be
desirable to have as many subjects on the
panel as possible. However, as a practical
matter, the number had to be reduced to a
minimum to limit the number of tests to be
run during approval of respirators. Both
totals of 16 and 25 subjects were arbitrary.
The two 25 subject panels are shown in
Figures 15 and 16.
A sequential sampling scheme was also
proposed for conducting an approval test.
A flow diagram of the plan is shown in
Figure 17. A manufacturer would be requir-
ed to submit five respirators for approval.
For the moment, the respirator is assumed
to be of a single size which would fit the
entire panel. These five respirators would
be quantitatively tested on the 25 subjects.
If all met a given criteria, the mask would
pass at that point. If three or more sub-
jects failed the quantitative man test, the
mask would fail. If one or two subjects
failed, then the testing would proceed to
Step 2 where the subject(s) would be retest-
ed on two different masks out of the five
submitted. No failures would pass it and
one failure would cause the testing to pro-
ceed to Step 3 where a new set of subjects
of the same size category would be chosen.
The number of subjects used would be the
same as in the original size category. One
failure here would fail the mask.
By this proposed method, the respirator
































































although as the testing proceeds down through
the steps, the requirements become stiffer.
Step 2 acknowledges the possibility of an
anomaly in the particular facepiece, while
Step 3 recognizes the potential of an anom-
alous test subject being included on the
panel. Hopefully, over a period of time,
the anomalous test subjects would be elimi-
nated from the panel. This method would re-
quire a maximum of 34 quantitative man tests
to approve a respirator.
Near the end of the year NIOSH asked
that female as well as male facial sizes be
included on the panel. Also, the question
of how to test facepieces which come in
more than one size has not been resolved.
A formal report covering this work is being
prepared and will be completed after the
final decisions are made.
VI. QUANTITATIVE MAN TEST METHODS AND DATA
A. Introduction
The highest priority for Project RO 61
was to develop dust and fume respirator-man
test equipment and methods (test equipment
discussed in Section III). The development
and study of quantitative respirator-man
test methods must include: 1) pre-test
training and fitting, 2) toxicity of test
aerosols, 3) exercises performed by subject,
and 4) measurement of facepiece leakage only
versus total overall leakage with regular
dust or fume filter. Some of the variables
that affect facepiece leakage measurements
include: 1) variations in dust and fume
filter efficiency, 2) negative pressure in
facepiece, 3) sampling rate from facepiece,
4) per cent leaking aerosol retained in
lungs, and 5) exhalation valve leakage.
All of these factors and variables are dis-
cussed in this section.
Another high priority of Project RO 61
was to perform man tests on test subjects
selected by approved anthropometric speci-
fications. Quantitative dust respirator-
man tests were made on an anthropometri-
cally selected test panel of 16 men.
A third priority was to assist the
NIOSH in developing dust and fume respirator-
man test performance criteria for use in
future amendments to 30 CFR Part 11, and
participate in conferences with the NIOSH,
the B of M, and manufacturers. The perform-
ance criteria proposed are discussed.
B. Background Information
The results of our studies and develop-
ment of man-test methods in FY 1971 and 1972
13 14
have been reported. ' Man-test methods
developed in FY 1971 for half mask respira-
tors equipped with high efficiency filters
have been described by Hyatt et al. These
DOP aerosol man-test methods measured only
facepiece leakage of four types of half mask
facepieces used for approved dust and fume
respirators. The sodium chloride aerosol
man-test methods developed in FY 1972 to
measure the overall facepiece leakage of
dust and fume respirators equipped with ap-
proved filters were reported by Hyatt et
al in May 1972. Since the data in this pa-
per illustrates several of the factors and
variables affecting overall respirator per-
formance and have not been included in a
formal NIOSH progress report, some of the
data is included as background information.
The paper was reviewed by the NIOSH, B of M,
and industry.
1. Affect of Flow Rate and Lung Reten-
tion of Aerosol. An increase in the
breathing rate of the test subject will in-
crease the flow rate or velocity through
the dust or fume filter being tested. In
actual use, the breathing rate is directly
related to the work rate of the respirator
wearer. In our laboratory man tests, the
affect of increased flow rate can be illus-
trated by comparing the penetrations during
normal and deep breathing exercises. A com-
parison of dust and fume respirator-man test
leakage during normal and deep breathing is
shown in Table VIII. The average penetra-
tion during normal and deep breathing is the
average for the number of subjects tested.
























Substitute new subjects of same
facial size. Number to be the







Fig. 17. Sequential Sampling Scheme. 25-Man Panel - 5 Facepieces of One Mask Size.
TABLE VIII
COMPARISON DUST AND FUME RESPIRATOR-MAN TEST









































































































represents both f1" ,-ter leakage and facepiece
leakage. There is a significant difference
between the eight types of quarter mask dust
respirators tested. However, six dust res-
pirators equipped with resin-impregnated
wool felt filters showed a significant in-
crease in penetration during deep breathing,
ranging from 31 to 130%. The increase in
penetration of the two dust respirators with
nonwool mechanical filters shows only a
slight increase in penetration during deep
breathing.
Data for the four half mask fume res-
pirators were obtained on the same eight
test subjects. The increase in penetration
for the four fume respirators ranged from
20 to 50%. This data demonstrates that in-
creased flow rate through dust or fume fil-
ters resulting from increased breathing
rate, is a variable that must be considered
when measuring overall dust and fume respi-
rator efficiency.
A significant portion of the test aero-
sol leaking into the facepiece is retained
in the lungs of the test subject. The LASL
consultant, Dr. Tom Mercer, estimates that
at least 30% of the LASL aerosols breathed
by the test subject is retained in the
lungs. In measuring the average sodium
chloride penetration in the facepiece, the
maximum aerosol leakage is not measured.
The difference in maximum penetration dur-
ing inhalation and the minimum penetration
during exhalation is illustrated in Figure
18. The minimi'-., penetration during inhala-
tion is shown in the upper peaks and the
minimum penetration during exhalation is
shown at the bottom of the peaks. Figure
18 is a photograph of rart of a recording
during a dust respirator-man test. An
estimate of the maximum penetration during
inhalation only is shown in Table IX. The
peak penetration for all of the test sub-
jects was calculated by drawing a line a-
cross the peaks recorded during inhalation.
The per cent increase calculated from the
peaks of the recordings represents an esti-
mate of the maximum leakage during inhala-
tion. If the penetration is sampled only
during the inhalation cycle, as previously
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proposed by Silverman, it can be seen that
the average of the maximum penetration peak
is much higher than the average LASL used to
calculate the overall penetration during the
normal and deep breathing exercises. This
estimate of the maximum leakage during in-
halation only demonstrates that the method
of calculating the average leakage over-
estimates the overall performance of the
respirator. A correction factor cannot be
calculated from this preliminary data.
Additional studies should be made, and this
variable must be recognized, when proposing
performance criteria. An interim solution
is to estimate the maximum exposure based
on the peak penetration as recorded during
the inhalation cycle.
2. Exercises by Subject. Questions
have been raised relative to calculating
the overall average penetration by averaging
the penetration during each of the various
types of exercises performed while the test
subject is in the man test chamber. Table X
shows the variation in average dust respira-
tor penetration from all exercises and the
average penetration calculated without the
single maximum penetration.
Fig. 18. NaCl Quantitative Man Test.
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TABLE IX
COMPARISON AVERAGE PENETRATION DURING
NORMAL AND DEEP BREATHING DURING DUST

































VARIATION IN AVERAGE DUST RESPIRATOR PENETRATION FROM ALL

































































































Exercises: NB - Normal breathing, DB - Deep breathing,
S-S - Turn head side to side, C - Cough, Smile and hold,
T - Talking, A - Recite alphabet
Respirators E and F were chosen to illus-
trate the respirator with the lowest aver-
age penetration and the highest average
penetration for all test subjects. Both of
these respirators are quarter masks and it
might be predicted that the maximum pene-
tration would occur during smiling or talk-
ing. For Respirator E, five of the seven
test subjects did obtain a maximum during
the smiling exercises; and for Respirator F,
three of the test subjects did obtain a
maximum during the smiling, and three dur-
ing talking or reciting the alphabet. The
point being emphasized is that there is
only a small difference in the average
penetration for Respirator E when it is
calculated without the maximum penetration.
Two of the test subjects (CR and LG) per-
formed two tests each on the two respira-
tors. They were chosen to illustrate that
the maximum penetration occurred for these
two test subjects during different exer-
cises. It is realistic to calculate the
performance of a respirator by averaging
the penetrations during all simulated exer-
cises. However, the results in Table X
illustrate that this can vary significantly




The method of calculating the pene-
tration during each of the simulated exer-
cises is illustrated in Figure 19. In this
case, it can be seen that the maximum leak-
age occurred during the cough exercises.
The cough exercise varies widely between
test subjects and is impossible to stand-
ardize. It has been dropped from our sched-
uled exercises. The recording for the pene-
tration during talking is typical and varies
widely during the two minute period that the
subject reads a standard text. This partic-
ular test subject has a very small mouth
and insignificant leakage during the smile
exercise.
3. Initial Filter Penetration. A
comparison of dust-respirator-man test re-
sults with initial dust filter penetration
is shown in Table XI. All of the eight
respirators tested were equipped with de-
gradable resin felt filters. This table
illustrates the results of man tests on
quarter masks and half masks from four dif-
ferent manufacturers. The single filter in
the quarter mask and the dual filters in
the half mask were the same media and were
approved at filter flow rates of 32 and
16 lpm, respectively. This table shows the
average filter penetration of six filters
from each type respirator at the appropriate
flow rates and compares them against the
ranges of average aerosol penetration dur-
ing all exercises performed by various num-
bers of test subjects. This illustrates
that the initial filter penetration is a
significant portion of the overall average
penetration during all of the man test exer-
cises.
4. NaCl vs. Poly POP Fume Respirator
Man Tests. In the studies to develop suit-
able man test methods for fume respirators,
both a sodium chloride aerosol and a poly
DOP aerosol with an MMAD of 1.2 ym were
used. This rather large poly DOP aerosol
was produced in the LASL prototype poly
DOP man test system which did not use an
impactor in the generator to break up the
larger particles. A comparison of four
Fig. 19. Method of Calculating Penetrations.
types of fume respirator-man test results
using NaCl and poly DOP aerosols is shown
in Table XII. The results list both the
maximum and average aerosol penetration for
both types of aerosol for each subject. The
results indicate that the sodium chloride
aerosol with an MMAD of 0.6 um is more pene-
trating than the large poly DOP aerosol.
Results also indicate that the same test
subjects cannot always duplicate the smile
exercise during man tests on the same res-
pirator run with two different aerosols.
This is not due to the type of aerosol used
or the test method but is due to the fact
that the test subject cannot duplicate the
smile exercise from one man test to the
next. For example, Subject 7 shows a
maximum on smile of 50% with the NaCl and
a maximum of 0.5% with DOP for the MSA Cus-
tom Comfo fume respirator. If the 50% maxi-
mum with NaCl is not used the maximum dur-




COMFARISON DUST RESPIRATOR-MAN TEST RESULTS
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Average penetration of 6 filters
A
Average penetration for 9 exercises during man test
5. Toxicity of Aerosols. In develop-
ing man test methods, the toxicity of the
test aerosol is of major concern. Ideally,
a nontoxic aerosol should be used. The
sodium chloride aerosol meets this criteria.
It is reported29 that "most normal people
ingest 5 to 20 grams of sodium chloride per
day". It is worth noting that the water-
sodium chloride balance is important in hu-
man metabolic considerations? witness ship-
wreck survivors who perish not because of
to<- much NaCl, but because of a water-NaCl
imbalance. The quantity of sodium chloride
inhaled during a man test with poor fit-
ting quarter mask dust respirators is in-
significant compared to the quantity in-
gested daily.
There has always been a concern about
the toxicity of the DOP aerosol for man
tests, especially the thermally-generated
DOP aerosol. From the beginning of DOP
man tests any man test was terminated when
the leakage was greater than 1% for both
full face and half mask respirators. The
DOP is normally a clear liquid, but will
turn an amber color within 8 hours when
thermally generating DOP aerosols. The odor
of the decomposition products is detected
during facepiece leakage tests and is dis-
agreeable to the majority of the subjects.
Because of this, thermally-generated DOP
man test system was eliminated in January,
1973.
The air-generated poly DOP does not de-
compose and has no disagreeable odor. The
TLV of 5.0 mg/m indicates a low toxicity.
During a man test with air-generated poly
DOP, the test subject's weighted daily ex-
posure is estimated to be less than 1% of
the TLV. This is especially true if the
test is terminated when the maximum pene-
tration exceeds 2.0%.
6. Effect of Facial Hair. The results
of the studies on the effect of facial hair
on respirator performance has been report-
ed. Test results using a sodium chloride
aerosol showed that the effect of facial
hair on the performance of a respirator
32
TABLE XII
COMEARISON FUME RESPIRATOR-MAN TEST RESULTS












































































































































































NaCl Aerosol, MMAD = 0.6 pm.
Polydisperse DOP Aerosol, MMAD = 1.2 um.
NOTE: Only where a significant difference between the average and maximum penetration
occurred , the exercise causing the high penetration was noted.
OD - Moving head up and down.
S - Smile
C - Cough
depends upon the degree to which the hair
interferes with the sealing surface of the
respirator, the physical characteristics of
the facial hair, the type respirator worn
in relation to the subject's facial char-
acteristics, and other factors. It was
concluded that persons with excessive facial
hair, such as facial stubble, sideburns and
beards which interfere with the respirator
seal cannot expect to obtain as high a de-
gree of respirator performance as persons
who are clean shaven.
C. Man Test Results on 16-Man Panel
As a means of evaluating the proposed
concept of an anthropometrically selected
test panel and man test procedures, quanti-
tative man tests were run on many of the
approved single use, quarter mask, and half
mask dust respirators on the market. These
tests were run on a 16-man test panel se-
lected from readily available subjects at
Los Alamos. The subject selection was made
on the basis of face length and width and
the panel limits based on ±2.0 standard de-
viations of the military mean dimensions.
Figure 20 shows the location of the 16 sub-
jects on the test panel.
The respirators were tested by two
basic methods. One method was to measure
the overall performance or efficiency of
the respirator by equipping the facepiece
with the normal approved dust filter, and
measuring the penetration with a sodium .
chloride aerosol having an MMAD of 0.6 vim.











































































Fig. 20. Location of 16 Test Subjects Used for Man Tests on Dust Respirators.
by the LA.SL Model I NaCl aerosol system.
The second method was to measure only the
•facepiece leakage. This was done by replac-
ing the dust filter with a high efficiency
filter (s),and the man tests were run with
the 0.8 vm MMAD polydisperse DOP aerosol
produced by the LASL Model A polydisperse
DOP aerosol system.
The data vere analyzed in two ways,
based on the exercises performed. The fir-
st method determined the average penetra-
tion while the subject performed the seven
exercises of normal breathing, deep breath-
ing, turning the head from side to side,
moving the head up and down, talking, nor-
mal smiling and coughing. The second meth-
od of calculating the average penetration
was to eKClude the smile and cough and is
referred to as the basic five exercises.
The reason for using these two methods is
that there was still some question as to
whether smile and cough should be included
in the exercises designed to simulate work
conditions. Facepiece leakage during nor-
mal smiling and talking is indicative of
the relationship between lip length and the
width of the facepiece. However, a smile
is a difficult exercise to duplicate. Also,
a smile is a facial expression and all fa-
cial expressions are difficult to dupli-
cate between test subjects and, therefore,
should not be used as a standard exercise
for meeting performance criteria to evalu-
ate respirators for certification. A cough
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will determine the stability of the mask
on the face and also the performance of the
exhalation valve. However, it is also dif-
ficult to duplicate; therefore, it should
not be included in the exercises for stand-
ard performance criteria testing.
1. Measurement of Overall Respirator
Performance. The results of measurement of
overall respirator performance on 14 types
of dust respirators is shown in Table XIII.
Wheie the respirators were equipped with
replaceable filters, the sodium chloride
penetration of these filters was determined
before each test. A new set of filters was
used for each test. The range of the ini-
tial filter penetration for each single or
set of filters used is shown in the left-
hand columns along with the average for
each type of filter tested.
The overall penetration, as summarized
in this Table, was a combination of leakage
around the sealing surface of the facepiece
and leakage through the filter. Theoreti-
cally, if the filter leakage were subtract-
ed from the overall leakage,then the leakage
due to the facepiece alone could be esti-
mated. However, for the MSA and AO half
mask respirators and with the Welsh quarter
mask, this argument breaks down as the av-
erage filter penetration was greater than
the overall average penetration during the
quantitative man tests. Obviously, this is
impossible. It is suspected that this may
be due to the differences in filtration
efficiency under the steady flow conditions
of the filter test as contrasted to the
cyclic flow conditions of the man tests.
The Aerosol Section at LASL is investiga-
ting this phenomena.
A comparison of the average panel pene-
tration for all seven exercises with that
for the five basic exercises indicates that
the average of the five basic exercises is
lower, but varies considerably from respi-
rator to respirator. For example, the Pul-
mosan 264-7 respirator shows that the panel
average for the five basic exercises is 5%
lower, while that for the MSA Dustfoe 66 is
only 0.8% lower. Also, the four half mask
facepieces show a smaller difference than
do the quarter mask dust respirators.
There is no significant difference in the
three single use respirators.
LASL has proposed an overall perform-
ance criteria for dust respirators equipped
with the approved filter and using a sodium
chloride aerosol for man tests. The average
penetration shall not exceed 5% and the max-
imum penetration shall not exceed 10%. In
the right-hand column of Table XIII, the
number of men that failed the proposed per-
formance criteria while performing the five
basic exercises proposed for the performance
criteria test is indicated. Of the quarter
mask dust respirators with complete tests
on the 16-man panel, it can be seen that
only the Willson 560 respirator with three
failures and the Welsh 7506 half mask with
one failure can even be considered for fur-
ther testing, based on the proposed testing
scheme discussed in Section V. All of the
other dust respirators would be failed with-
out further testing.
2. Measurement of Facepiece Leakage
Only. The results of quantitative polydis-
perse DOP man test results on eight dust
respirators equipped with high efficiency
filters are shown in Table XIV. The same
16-man test panel discussed above was used
for these tests. The penetrations shown
are essentially due to facepiece leakage
only since all filters showed a penetration
of less than 0.03%.
The exhalation valve leakage for the
half mask respirators is less than 0.05%.
This is based on man tests when the respi-
rator was equipped with a high efficiency
filter and leakages less than 0.01% were
obtained. Based on dynamic leakage tests
of the same types of exhalation valves,
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Burgess reported leakages ranging from
0.005 to 0.07%. The tests were made with
new clean valves. The original exhalation
valve on the MSA Dustfoe 66 would occasion-
ally show high leakages (5-20%) when the
valve stuck under the seat. This was cor-
rected by MSA in the fall of 1972,and man
35
TABLE XIII
Comparison NaCl Man Test Results on Test Panel Wearing Dust Resp.'.rators Equipped with




















































































































































(1) NaCl Aerosol, MMAD = 0.6 ± 0.1 pm.
(2) Anthropometrically selected 16 man test panel representing 95% of U. S. male face
sizes.
(3) 5 Basic exercises excludes smile and cough.
(4) Standard Respirator: Allowable Penetration, maximum = 10.0%, average = 5.0%.
SU Single Use.
tests were made on the Dustfoe 66 with the
improved valve,and it was possible to obtain
leakages less than 0.1%.
A comparison of the average penetration
from all seven exercj ~^s and from the five
basic exercises indii jes a significant dif-
ference for the five quarter mask dust res-
pirators and for the MSA Custom Comfo. The
Welso 7507 respirator, which is approximate-
ly one-half inch wider than any of the res-
pirators tested, shows no difference.
For respirators equipped with a high
efficiency filter, LASL has proposed the
following performance criteria: A maximum
leakage during any of the five basic exer-
cic as of 5% and a maximum average leakage
of 2.5%. In the right-hand column of
Table XIV, the number of men on the 16-man
panel failing the proposed performance cri-
teria is listed. The results indicate that
none of the eight respirators will pass the
proposed performance criteria. This propos-
ed criteria allows for a maximum facepiece
leakage of 5% and a maximum leakage of 5%
for the filter. This is equivalent to a
maximum overall leakage of 10%. This system
more realistically evaluates the size of the
respirator on an anthropometrically selected
test panel because it measures only face-
piece leakage. For example, the American
Optical 6057 respirator, which is approxi-
mately one-half-inch longer than the medium-
sized respirators, such as the MSA Custom
Comfo and the Welsh 7508, shows four fail-
ures while the latter two show only one each.
36
TABLE XIV
Comparison DOP Man Test Results on Test Panel Wearing Dust Respirators Equipped With

























































































1. Polydisperse DOP, MMAD = 0.8 ym.
2. Anthropometrically selected 16 man test panel representing 95% of U. S. male face sizes
3. Seven exercises includes smile.
4. Five basic exercises excludes smile and cough.
5. Facepiece leakage only and five basic exercises: Allowable penetration, maximum=5.0%,
average=2.5%.
The results are realistic because no one
has predicted that one size of respirator
would fit a panel representing 95% of the
adult male population. Results indicate
that none of them passed the proposed cri-
teria and that at least two sizes of res-
pirators are necessary for all eight types
to pass.
For a comparison with British Stand-
ard (BS) 209119 (see Table V ) , the number
of panel members with an average penetra-
tion greater than 5% is listed in Table XIV.
The BS 2091 standard allows a maximum leak-
age not to exceed a mean value of 5% on ten
test subjects wearing a respirator equipped
with a high efficiency filter and, there-
fore, measures only facepiece leakage.
However, no facial movements of any type
are permitted in the BS 2091 man test pro-
cedure. Since the five basic exercises in-
clude talking, a direct comparison with the
British Standard cannot be made. However,
Table XIV shows that none of the 16-man
panel testing the three half masks had an
average penetration exceeding 5%, and two
of the five quarter mask dust respirators
equipped with high efficiency filters did
not exceed the maximum penetration of 5%.
The other three would have failed the Brit-
ish test criteria.
D. Data Retrieval
At the end of FY 1973 approximately
4000 quantitative man tests of all types
had been run on air purifying respirators
and self-contained breathing apparatus.
Each one of these tests has over 20 varia-
bles. This mass of information has made it
almost impossible to statistically treat
these data by hand calculations. Starting
late in the year, computer programs for the
entry and retrieval of quantitative man test
data were developed, and the tests' entered
on punch cards. This time consuming, but
necessary, program has consumed about five
man-months and is not yet complete. Yet to
be done is a general clean up of the pro-
grams and correction or deletion of
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questionable data. After working with the
preliminary print outs, some further modi-
fication of the computer programs is likely
to be required to present the data in a more
usable form.
As presently structured, the program
stores all of the data from the man test,
including test number, date, operator, sub-
ject, mask manufacturer, mask type, etc.
It then can compute the following four aver-
age penetrations:
a. Average of the five basic exercis-
es, normal breathing, deep breathing, turn-
ing head side to side, moving head up and
down, and talking.
b. Average of the five basic exercis-
es, plus normal smile.
c. Average of the five basic exercis-
es, plus a final normal breathing at the
end of the test.
d. Average of the five basic exercis-
es, plus smiling, plus a final normal
breathing at the end of the test.
The program then sorts the tests from
the lowest to the highest penetration val-
ues of whichever of the variables is cho-
sen. By specifying a particular mask type,
test aerosol, etc., the program will auto-
matically eliminate from the print out all
tests which do not satisfy the conditions.
Once all of the anomalies are removed
from the data bank, and the program is
modified to our satisfaction, we should be
able to quickly and accurately provide sta-
tistical comparisons of quantitative man
test data.
VII. REVIEW OF MANUFACTURERS' QUALITY CON-
TROL PLANS
NIOSH requested that LASL review the
quality control plans for respirators sub-
mitted for approval under 30 CPR Part 11.
Comments were requested only upon those
parts which pertain to testing of compo-
nents to assure that they will meet the re-
quirements of 30 CFR Part 11. Table XV is
a listing of items received from NIOSH for




The review of the quality control plans
for the MSA Comfo and Comfo II respirators
were the most involved, as they included the
two respirator facepieces and seven types
of cartridges. Because the criteria for
preparation of quality control plans had not
been firmly established by NIOSH, meetings
were held in Cincinnati in August, 1972, to
discuss the plans being submitted.
VIII. RECOMMENDING RESPIRATORS FOR NIOSH
CRITERIA DOCUMENTS
Recommendations of respirators for
NIOSH Criteria Documents were made as re-
quested. Also, a proposed respirator selec-
tion guide was prepared and distributed to
appropriate agencies and manufacturers for
comments. The first selection guide
(Table XVI) received many comments, and from
these Table XVII was prepared.
Table XVI differs from Table XVII in
several ways, a major one being the differ-
ent protection factors (PF's) for various
types of devices. The selection guide of
10X time-weighted average (TWA) for both
half and quarter facepiece dust and fume
respirators is based on new quantitative
man tests on dust respirator facepieces
equipped with high efficiency filters.
This permits the measurement of facepiece
leakage only, on both quarter and half face-
pieces. The data indicated both types will
pass the criteria for a protection factor
of 10, based on facepiece leakage only.
Other changes in Table XVII are explained
in the footnotes to the table.
Table XVII has been reviewed by sev-
eral people and the following general com-
ments were agreed upon, at least as a gen-
eral principle.
1. A Selection Guide for respirators
for non-emergency or routine use should be
considered separately from self-contained
breathing apparatus (SCBA) for emergency
use.
2. A PF of 5 for valveless single
use respirators, and 10 for the single use
type with exhalation valve, is proposed as
TABLE XV
STATUS SUMMARY























"Blind" letter from NIOSH
to company, 6/20/72.
"Blind" letter from NIOSH
to company, 6/26/72.
"Blind" letter from NIOSH
to company. Quality Control
Manual has been returned to
NIOSH.





No action taken by NIOSH
request. NIOSH will advise.
Review complete. Two sets
of comments prepared and
forwarded to NIOSH. Meet-
ings held with NIOSH and
MSA representatives.
Review complete and comments
forwarded to NIOSH.
None
(PES now has been purchased
by the 3M Co.)
None
Review complete and comments
forwarded to NIOSH, 8/15/72.
None
an interim guide for currently available
approved devices.
3. Considering that powered air-puri-
fying respirators with dust and fume filters
have not been approved, a PF of X should be
assigned. A PF could be assigned after an
applicable particulate filter has been test-
ed for a specific contaminant.
4. After considering the statistical
variations in the PF's of seven facepieces
currently in use for SCBA operated in the
demand mode (negative facepiece pressure),
a compromise is proposed. For routine use,
a PF of 100; for emergency use by highly
trained men, a PF of 200.
5. The terms "selection guide" and/or
"maximum use concentration," may be prefer-
able to PF.
6. The PF's in Table XVII for types
of respirators other than those noted in
items 2, 3, and 4 above, in general, are
acceptable.
A new table was developed from the a-
bove and reported in a paper by Hyatt.
The proposed Respirator Selection Guide for
Protection Against Airborne Particulates
(Table XVIII) was approved by the AIHA-
ACGIH Respirator Committee. The footnotes
were not approved, pending further study.
The following criteria documents were



















RESPIRATOR SELECTION GUIDE FOR PROTECTION AGAINST AIRBORN PART1CULATES
FOR NIOSH CRITERIA DOCUMENTS
Type Respirator, Filter, Facepiece
Air Purifying Respirators
Single Use, "Dust", 1/4 or 1/2
Air-purifying, "Dust", 1/4 facepiece
Air-purifying, "Dust", 1/2 facepiece
Air-purifying, "Fume", 1/4 facepiece







Powered Air-purifying, with "Dust"
Filter, 1/2
Powered Air-purifying, with "Fume"
Filter, 1/2
Powered Air-purifying, with "Hi-
Eff.", 1/2
Powered Air-purifying, with "Hi-Eff.
Eff.", FF
Powered Air-purifying with "Hi-Eff."
Hood
Atmosphere-Supplying Respirators
Supplied Air - Demand - 1/2
Supplied Air - Demand - FF
Supplied Air - P-D in PP mode, 1/2
Supplied Air - P-D in PP mode, FF
Supplied Air - Continuous flow, 1/2
Supplied Air - Continuous flow, FF
Supplied Air - Continuous flow, Hood
Supplied Air - Continuous flow, Suit
SCBA-Air-Open Circuit, Demand, FF
SCBA-Air-Open Circuit, Positive Pres-
sure, FF














































































Any combination of air-purifying and
atmosphere supplying respirator.
Protection factor





RESPIRATOR SELECTION GUIDE1FOR PROTECTION AGAINST AIRBORNE CONTAMINANTS2
FOR NIOSH CRITERIA DOCUMENTS
Type Respirator, Filter, Facepiece
Air Purifyinq Respirators
Single Ose,6Dust7v'
Air-purifying, Dust, 1/4 or 1/2 facepiece
Air-purifying, Fume, 1/4 or 1/2 facepiece
Air-purifying, Hi-Eff?, 1/2 facepiece
Air-purifying, Hi-Eff., FF facepiece
Powered Air-purifying, with Applicable
Particulate Removing Filter
Powered Air-purifying, with Hi-Eff.
Filter, Hood or Facepiece
Atmosphere-Supplying Respirators
Supplied Air-Demand - 1/2
Supplied Air-Demand - FF
Supplied Air-P-D in PP mode, 1/210
Supplied Air-P-D in PP mode, FF 1 1
Supplied Air-Continuous flow, 1/2
Supplied Air-Continuous flow, FF
Supplied Air-Continuous flow. Hood
Supplied Air-Continuous flow, Suit
SCBA-Air-Open Circuit, Demand, FF
SCBA-Air-Open Circuit, Positive Pressure, FF
SCBA-Air-Open Circuit, P-D.- PP mode, FF
Selection Guide Multiples




















Any combination of air-purifying and
atmosphere supplying respirator.
Selection Guide for type and
mode of operation as listed
above.
FOOTNOTES FOR RESPIRATOR SELECTION TABLE XVII
The Selection Guide is proposed for use
in the preparation of recommended respi-
rators for specific NIOSH Criteria Docu-
ment. An illustration of its current
use is in prc sed criteria documents
for silica dusc. fibrous glass, sulfur
dioxide, benzene, sulfuric acid mist,
etc. Final criteria documents for as-
bestos, beryllium, CO, and PB contain
errors and/or have contradicting state-
ments relative to protection provided.
Contaminants include gases, vapors,
dusts, fumes, and mists. Each type of
specific contaminant would have to be
considered as to the size if it is a
dust, fume, or mist, and the sorbant if
a gas or vapor. Example: sulfuric acid
mist criteria— concentrated sulfuric
acid mist gives off SO, which is very
fine and requires a high efficiency fil-
ter. It is known that dust filters are
satisfactory for dilute sulfuric acid
mist.
3. The filter may be either a dust or chem-
ical filter or a combination. Where
B of M approvals exist, such as chemical
cartridge respirator for organic vapors,
SO,, etc, they should be specified.
Where approvals do not exist it is sug-
gested that specific sorbents be speci-
fied. Example: Iodized charcoal for
mercury vapor.
4. Tests made at LASL during the past five
months indicate that when considering
facepiece leakage only, there is no sig-
nificant difference between 1/4 mask and
a 1/2 mask. Based on facepiece leakage
only, where 1/4 and 1/2 facepieces fit-
ted with high efficiency filters have
been tested on a 16-man panel represent-
ative of 95% of U. S. male face sizes,
they all meet the requirements for pro-
tection up to 10X TLV.
5. The term "Selection Guide" has replaced
"Protection Factor" as originally pro-
posed in September, 1972. This suggest-
ed change is to emphasize that their
main purpose is for selection of a given
type of device when the concentration
is known or projected to be a certain
level. It is recognized that they are
the equivalent of a protection factor.
I wish to recognize that several indi-
viduals have reviewed my September,
1972, proposed selection guide and made
valuable recommendations. They are R.
Schutz, E. Kloos, A Gudeman, and W. Bur-
gess. Many of the changes made reflect
their recommendations; however, I wish
to emphasize that the numbers given in
no way constitute unanimous approval of
this group.
6. A single use or disposable respirator
with valves approved under Schedule 2IB
is approved for silica dust, asbestos,
etc. and dusts with a TLV >0.1 mg/m ,
including but not limited to lead, cad-
mium, etc. A single use valveless ap-
proved under Part 11 (21C) excludes
toxic dusts. Respirator-man tests and
filter tests made at LASL show overall
respirator efficiency on the 3 currently
approved,single use respiratorsranging
from 70 to 90%. Therefore, it is recom-
mended that they only be recommended for
protection up to 5X TLV of silica dust,
asbestos, etc. and exclude their use for
toxic dusts such as lead, Cd, etc.
7. Dust filter in this table refers to a
dust respirator approved by the silica
dust test, and includes all type of
media, that is, both non-degradable
mechanical type media and dejradable
resin-impregnated wool felt media.
8. Fume filter in this table refers to a
fume respirator approved by the lead
fume test.
9. High efficiency filter in this table
refers to a high efficiency particulate
respirator. The filter must be at least
99.97% efficient against 0.3 yxn DOP to
be approved.
10. A positive pressure supplied air respi-
rator equipped with a 1/2 mask face-
piece does not provide eye protection.
Thus, it is proposed that the Selection
Guide should be 1/2 that of the similar
device equipped with a full face mask.
11. A positive pressure supplied air respi-
rator equipped with full facepiece pro-
vides eye protection but is not approv-
ed for use in atmospheres immediately
dangerous to life. It is recognized
that the facepiece leakage when a posi-
tive pressure is maintained should be
the same as a SCBA operated in the
positive pressure mode. However, to
emphasize tha; it basically is not for
emergency use, the Selection Guide is
limited to 2,000.
12. The design of the supplied air hood
(with a minimum of 6 cfm of air) may
determine its overall efficiency and
protection. For example, when working
with the arms over the head, some hoods
draw contaminate into the hood breath-
ing zone. This may be overcome by
wearing a short hood under a coat or
overalls. Other limitations specified
by the approval agency must be consid-
ered before using in certain types of
atmospheres.
13. Design of suit may limit protection
factor.
14. The SCBA operated in the positive pres-
sure mode has been tested on a selected
16-man panel and the facepiece leakage
recorded as <0.01% penetration, there-
fore, I have suggested 10,000+ because
at this time the lower limit of detec-
tion does not warrant listing a higher
number. Several of the proposed cri-
teria documents simply recommend a
positive pressure SCBA for any concen-
tration greater than a specified con-
centration. I believe this is consis-
tent with the 10,000+ that is proposed.
We must have an emergency device for
use in unknown and unlimited concentra-
tion. However, other limitations such












































Air Purifying, Filter Facepiece
Single Use, Oust, Valveless
Single Use, Dust, With Valve
Dust, 1/4 or 1/2
Fume, 1/4 or 1/2
Hi-Eff., 1/2
Hi-Eff., FF
Powered Hi-Eff., 1/2, FF, or Hood
Powered, Dust or Fume, All
Supplied Air. Mode, Facepiece
Demand - 1/2
Demand - FF
P-D in PP Mode, 1/2
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